Introduction
============

Prostate cancer (PC) is the most common male cancer in the United States, with 233,000 new cases in 2014, and is the second most common cause of cancer-related death \[[@b1-crt-2015-212]\]. In Korea, PC is currently the fourth most common male cancer, while age-standardized prevalence rate of PC in Korean men is 129.0 per 100,000 in 2011 \[[@b2-crt-2015-212]\]. The annual incidence rate of PC in Korean men has shown the most rapid increase among cancer types, except for thyroid cancer, in recent decades (age-standardized incidence rate/100,000, 8.4% at 1999 and 27.0% at 2012) \[[@b3-crt-2015-212]\]. Multiple reasons including population aging, westernization of diet and increase of prostate-specific antigen (PSA) screening are likely to be implicated in such increase of PC in Korea.

Treatment options for PC vary depending on disease severity and patient characteristics including age, comorbidity, and personal preferences. In addition, sociodemographic characteristics, including race, place of residence, income level, and insurance status \[[@b4-crt-2015-212]-[@b6-crt-2015-212]\], as well as clinician factors \[[@b7-crt-2015-212]\], may play a role in treatment decisions for PC. PC is a highly prevalent disease and has a public health impact in western countries, therefore many studies regarding trends in treatment patterns, causes of death, and impact of sociodemographic factors on patient outcomes have been reported based on large population-based cohorts \[[@b5-crt-2015-212]-[@b7-crt-2015-212]\]. However, despite the aforementioned rapid increase of PC in Korea, only a few studies regarding treatment patterns of PC in Korean men on the basis of a nationwide representative database have been reported. Through a better understanding of treatment patterns in Korean PC patients, we will gain insight into the current status of PC in Korea. In this study, we investigated changing patterns of primary treatment in Korean men with PC and impact of sociodemographic factors on primary treatment choice from a nationwide cohort over 10 years.

Materials and Methods
=====================

1. Data sources and study population
------------------------------------

Data were obtained from 2002 to 2013 from the Korean National Health Insurance (KNHI) Sharing Service provided by KNHI Center. These data contain claims data in 2% of the entire Korean population (i.e., more than 1,000,000 people) randomly selected after stratifying the entire population according to socioeconomic parameters (age, sex, residential area, income, etc.). The database includes detailed information regarding disease diagnosed, imaging and laboratory tests, treatments (both medical and surgical) and death outcomes (cause and time) as well as aforementioned socioeconomic parameters. The study protocol was approved by the Institutional Review Board of Eulji University Hospital and Asan Medical Center.

Data with the code C61, indicating PC according to the National Center for Health Statistics International Classification of Diseases, 10th edition (ICD-10), were screened. Among 4,219 men aged 20 or older with the code C61 during the study period, newly diagnosed PC patients only after 2002 were included in order to minimize confounding effects due to pre-diagnosed PC. Thus, patients with C61 code at 2002 (n=135) were excluded. In addition, patients who did not undergo active treatments for PC (n=2,702), including those under watchful waiting or active surveillance, were excluded because they were not properly identifiable from the KNHI claims data. Thus, a total of 1,382 patients who had undergone active treatments, including radical surgery, radiation therapy (RT), and androgen deprivation therapy (ADT), for newly diagnosed PC constituted the study population.

2. Primary treatment and operational definition
-----------------------------------------------

We analyzed treatment patterns in terms of primary treatment modality including surgery, RT, and ADT. We also assessed the administration and timing of additional treatment before and after primary treatment. Neoadjuvant therapy was defined as additional therapy before primary surgery and RT, while adjuvant and salvage therapy was defined as additional therapy within 4 months and after 4 months after surgery, respectively.

Surgery includes open/laparoscopic radical prostatectomy (RP; KNHI reimbursement code 'R3950' and 'R3960') and robot-assisted RP (RARP). Because RARP is not reimbursed by KNHI, it cannot be identified by treatment codes. Thus, RARP was operationally defined as the absence of a surgery code despite the presence of general anesthesia (code 'L1211') and postoperative pathologic examination code (code 'C5500' or 'C5504' or 'C5505' or 'C5508' or 'C5918' or 'C5919'). RT includes all types of RT including conformal and intensity-modulated RT. Although patients underwent additional therapy before and after surgery and RT, they were categorized in terms of their primary treatment modality.

Primary ADT includes both surgical (orchiectomy) and medical castration. Medical castration includes luteinizing hormone-releasing hormone (LHRH) agonist only, anti-androgen only, and combined androgen blockade (CAB). Because chemotherapy is administered to patients who progress after primary treatment and salvage therapy, it was not categorized as primary treatment.

3. Variables and statistical analysis
-------------------------------------

Patient sociodemographic parameters included age, income class, and residential area. Patient age at diagnosis was divided into four categories (\< 49, 50-64, 65-74, and ≥ 75 years) \[[@b8-crt-2015-212]\]. Income class was divided into five categories, as provided by KNHI. Residential area was divided into three categories (metropolitan, urban, and suburban/rural) based on population density.

Descriptive statistics were used to characterize treatment patterns according to sociodemographic factors. Pearson chi-square tests were used to describe the relationship between variables. Annual p for trend was determined by Wilcoxon-type test for trend across ordered groups. Multivariable multinomial logistic regression analysis was used to determine the adjusted odds ratios (OR) and 95% confidence intervals (CI) of sociodemographic factors that showed significant association with treatment choices (based on the surgery group). Potential confounders included age, income class, residential area, and year diagnosed. All tests were two-tailed, with p \< 0.05 considered significant. Statistical analysis was performed using Stata/SE software ver. 12.1 (Stata Corp., College Station, TX).

Results
=======

1. Characteristics of the study population
------------------------------------------

A summary of the patient sociodemographic factors is shown in [Table 1](#t1-crt-2015-212){ref-type="table"}. Mean age at diagnosis was 64.1 years (standard deviation, 9.4 years). There were 83 patients (15.3%) in the lowest income classes (class 0-2), and the greatest percentage (39.1%) was in the highest income classes (class 9-10). Approximately one fourth of patients lived in a metropolitan area, and over 50% of patients lived in a suburban or rural area. Of the entire study population, patients undergoing surgery, ADT, and RT were 38.8%, 48.4%, and 12.8%, respectively.

2. Trends in primary treatment for PC
-------------------------------------

Overall, the total number of patients undergoing active treatments for PC showed a significant increase. As shown in [Fig. 1](#f1-crt-2015-212){ref-type="fig"}, the total number of cases increased from 58 in 2003 to 152 in 2013, corresponding to a 162% increase during 10 years. Of the treatment modalities, surgery cases showed the most significant increase, thus relative proportion increased from 22.4% in 2003 to 45.4% in 2013 (p for trend \< 0.001). While ADT cases have increased, the relative proportion of ADT showed a tendency to decrease, from 60.3% in 2003 to 45.4% in 2013 (p for trend=0.020). While RT cases increased slightly over the 10 years, the relative proportion was variable (17.2% in 2003, 18.4% in 2006, 7.2% in 2009, and 9.2% in 2013) and the increment of change was relatively small compared to that of surgery and ADT cases (p for trend=0.034).

RARP was introduced in 2005 in many hospitals in Korea. While RP cases have shown a steady increase, RARP cases have shown a more rapid increase, thus RARP cases exceeded RP cases in 2013 ([Fig. 2A](#f2-crt-2015-212){ref-type="fig"}). Regarding the types of ADT, orchiectomy cases showed a remarkable decrease, from over 12% in early 2000s to 1.4% in 2013 ([Fig. 2B](#f2-crt-2015-212){ref-type="fig"}). CAB was the most commonly used (responsible for more than 62% to 89% of ADT), whereas use of LHRH agonists and anti-androgen monotherapy did not show definite trends.

3. Treatment patterns according to sociodemographic factors
-----------------------------------------------------------

Treatment patterns differed significantly according to age group (p \< 0.001) ([Fig. 3A](#f3-crt-2015-212){ref-type="fig"}) and income class (p=0.014) ([Fig. 3B](#f3-crt-2015-212){ref-type="fig"}), respectively. As expected, surgery was the most common primary treatment in patients younger than 64 years, accounting for 59.0% in \< 49 years and 56.1% in 50-64 years, respectively ([Fig. 3A](#f3-crt-2015-212){ref-type="fig"}). In contrast, surgery was performed in only 7.8% of patients older than 75 years, whereas the majority of those patients (84.4%) underwent ADT. Patients with higher income showed a tendency for definite therapy including surgery and RT, whereas patients with lower income showed a tendency for ADT ([Fig. 3B](#f3-crt-2015-212){ref-type="fig"}). Treatment patterns according to residential area are shown in [Fig. 4](#f4-crt-2015-212){ref-type="fig"}. While no definite trends were observed, there were differences in primary treatment according to residential area.

Multivariable multinomial logistic regression analysis was performed to assess independent effects of patient sociodemographic factors on treatment choice. As shown in [Table 2](#t2-crt-2015-212){ref-type="table"}, patients older than 65 years showed significant association with ADT compared to surgery (patients aged 65-74 years: adjusted OR, 5.72; 95% CI, 3.25 to 10.04; patients ≥ 75 years: adjusted OR, 26.59; 95% CI, 12.30 to 57.52), while patients older than 75 years showed significant association with RT (adjusted OR, 3.01; 95% CI, 1.12 to 8.10). Patients with higher income levels showed significant association with surgery compared to ADT (7-8 income class: adjusted OR, 0.59; 95% CI, 0.38 to 0.90; 9-10 income class: adjusted OR, 0.56; 95% CI, 0.38 to 0.82). In addition, patients living in urban areas showed significant association with ADT use compared to surgery (adjusted OR, 1.47; 95% CI, 1.02 to 2.12). As the year increased, the probability of RT use compared to surgery decreased significantly (adjusted OR, 0.93; 95% CI, 0.87 to 0.99).

Discussion
==========

To the best of our knowledge, this is the first study investigating changing patterns of primary treatment in Korean PC patients over 10 years from a nationwide population based cohort. In line with a rapid increase in the incidence and prevalence of PC in Korean men, the total number of patients undergoing active treatments increased significantly ([Fig. 1](#f1-crt-2015-212){ref-type="fig"}). Of the treatment modalities, remarkable increase in surgery cases is probably attributable to early detection of PC due to PSA screening. Although clinical benefit of routine PSA screening remains controversial \[[@b9-crt-2015-212],[@b10-crt-2015-212]\], PSA screening in Korea has increased with increase of routine health check-up compared to the past \[[@b11-crt-2015-212],[@b12-crt-2015-212]\]. Notably, while the number of patients undergoing surgery showed a significant increase, the relative proportion of patients undergoing RT was variable over 10 years (from 7.2% to 18.4%). In western countries, RT is a main treatment modality for radical treatment of PC, thus its use constitutes from 19% to 41% for definite therapy \[[@b1-crt-2015-212],[@b5-crt-2015-212],[@b13-crt-2015-212]\]. These findings indicate that the main treatment modality for radical treatment in Korean PC patients is surgery, whereas RT is relatively underused. In Korea, the majority of PC patients are diagnosed by urologists, therefore dominant use of surgery as primary definite therapy may in part be attributable to clinician factors. In addition, because most private medical insurance in Korea reimburses only inpatients but does not reimburse outpatients, such economic factors may affect patients' treatment choice. Similar to our finding, only 4.9% of patients chose RT as primary treatment for PC in a Japanese study \[[@b14-crt-2015-212]\]. In that study \[[@b14-crt-2015-212]\], attitude of Japanese patients, who rarely ask for a second opinion from a clinician, was suggested as one possible reason for this finding.

We also assessed trends in surgery and primary ADT. Regarding surgical modalities, we found that use of RARP has increased since its introduction in 2005, and the number of cases showed a remarkable increase in 2008 because the installation of the da Vinci surgical system increased dramatically in 2008, consistent with a recent study \[[@b15-crt-2015-212]\] which reported an increasing trend of the total number of RARP on the basis of the data from Intuitive Surgical Korea Ltd. (Seoul, Korea). As such, RARP use recently exceeded conventional RP. Existing evidence, including ours, has shown comparable or superior oncological and functional outcomes (incontinence and potency) between RARP and RP \[[@b16-crt-2015-212],[@b17-crt-2015-212]\], although several studies reported conflicting results regarding this issue \[[@b18-crt-2015-212]\]. In addition, besides the high initial cost of purchasing a robot, RARP is not reimbursed by KNHI. Thus economic cost of RARP is significantly higher than that of RP. To address the question of whether RARP is more beneficial than RP in terms of cost-effectiveness \[[@b19-crt-2015-212]\], further critical assessment of the economics involved in the two surgical modalities is necessary.

ADT is still commonly used for treatment of Korean PC patients, accounting for more than 60% in 2003 and 45% in 2013, although its use showed a tendency to decrease. We observed two main findings regarding ADT use in Korea: surgical castration has seldom been used (less than 1.4%) recently, and the majority (60% to 88.9%) of Korean urologists use CAB for primary ADT. Because KNHI data do not include information regarding clinical stage, we cannot address the proportions of ADT use according to clinical stage. Considering the aforementioned increase of early PC detection, a significant proportion of patients with localized PC may still undergo ADT as primary therapy, which is of uncertain benefit in this setting \[[@b20-crt-2015-212]\], due to various reasons including patient anxiety \[[@b21-crt-2015-212]\] and clinician factors \[[@b7-crt-2015-212],[@b22-crt-2015-212]\]. In a US population-based study using the Surveillance, Epidemiology, and End Results-Medicare linked database \[[@b22-crt-2015-212]\], urologists with no academic affiliation were significantly more likely to use primary ADT for localized PC compared to urologists with a major academic affiliation. Some (approximately 10% during the study period) urologists use anti-androgen monotherapy, which is not recommended based on existing evidence \[[@b23-crt-2015-212]\]. These findings represent variation in ADT use that is affected by clinician practice style in addition to tumor or patient characteristics \[[@b7-crt-2015-212]\].

Our results clearly show that sociodemographic factors do affect primary treatment choice. We confirmed the impact of each sociodemographic factor (i.e., age, income class, and residential area) on treatment choice even after adjusting other parameters ([Table 2](#t2-crt-2015-212){ref-type="table"}). As expected, older patients showed significant association with ADT or RT. Income levels showed significant association with primary treatment. Specifically, patients with higher income showed significant association with surgery. This finding may indicate that patients with higher income are more likely to undergo routine health check-up and be diagnosed with early stage PC, thus being more predisposed to surgery. Similar finding was observed in other studies that reported an inverse relationship between poverty and surgery rates \[[@b24-crt-2015-212],[@b25-crt-2015-212]\]. We also observed regional variations in treatment patterns ([Fig. 4](#f4-crt-2015-212){ref-type="fig"}) and significant association between urban area and ADT use compared to surgery ([Table 2](#t2-crt-2015-212){ref-type="table"}). These regional variations may be attributable to differences in the availability of treatment modalities and consequential discrepancies of information given to patients.

We acknowledge several possible limitations of our study. Because data regarding clinical and pathologic stage are not available in the KNHI database, treatment patterns according to stage and multivariable multinomial logistic regression analysis adjusting for stage could not be analyzed. In addition, the proportion of Korean PC patients on watchful waiting or active surveillance, which is a reasonable treatment option in low risk PC patients, could not be determined because those options do not have a KNHI reimbursement code. For a similar reason, RARP was operationally defined, thus the estimated number of RARP cases may be somewhat different from the actual number of cases. Countering the possible limitations, our results are based on a nationwide, randomly selected population based cohort, thus generalizable to the entire Korean PC population. Considering that our estimated number of RARP cases is consistent with the recently published result \[[@b15-crt-2015-212]\], we believe that our operational definition for RARP appropriately represents an overall increasing trend of RARP in Korea. In addition, analysis of time trends over 10 years highlights changing patterns of primary treatment for PC in Korea. Because our study included only patients who had undergone active treatments for newly diagnosed PC, we believe that confounding effects due to diagnosis coding errors in claims data would be minimal.

Conclusion
==========

While total cases of active treatments for PC showed a significant increase, the treatment pattern in Korean PC patients has changed remarkably over the last 10 years. The proportion of patients undergoing surgery has increased significantly while the proportion of patients undergoing RT has been relatively constant. In addition, sociodemographic factors do affect the primary treatment choice. Our results will be valuable in overviewing changing patterns of primary treatment in Korean PC patients and planning future health policy for PC.
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###### 

Characteristics of the study population

  Variable               All subjects (n=1,382)   Surgery (n=536, 38.8%)   ADT (n=669, 48.4%)   RT (n=177, 12.8%)
  ---------------------- ------------------------ ------------------------ -------------------- -------------------
  **Age (yr)**                                                                                  
   20-49                 83 (6.0)                 49 (59.0)                21 (25.3)            13 (15.7)
   50-64                 626 (45.3)               351 (56.1)               194 (31.0)           81 (12.9)
   65-74                 494 (35.7)               122 (24.7)               303 (61.3)           69 (14.0)
   ≥ 75                  179 (13.0)               14 (7.8)                 151 (84.4)           14 (7.8)
  **Income class**                                                                              
   0-2                   211 (15.3)               68 (32.2)                123 (58.3)           20 (9.5)
   3-4                   140 (10.1)               43 (30.7)                79 (56.4)            18 (12.9)
   5-6                   211 (15.3)               84 (39.8)                104 (49.3)           23 (10.9)
   7-8                   280 (20.2)               115 (41.1)               125 (44.6)           40 (14.3)
   9-10                  540 (39.1)               226 (41.8)               238 (44.1)           76 (14.1)
  **Residential area**                                                                          
   Metropolitan          354 (25.6)               154 (43.5)               147 (41.5)           53 (15.0)
   Urban                 317 (22.9)               114 (36.0)               156 (49.2)           47 (14.8)
   Suburban/Rural        711 (51.5)               268 (37.7)               366 (51.5)           77 (10.8)

ADT, androgen deprivation therapy; RT, radiation therapy

###### 

Association of sociodemographic factors with primary treatment modality

  Valiable                ADT     RT                   
  ----------------------- ------- ------------- ------ -----------
  **Age (yr)**                                         
   20-49                  1       1             1      1
   50-64                  1.25    0.72-2.18     0.82   0.42-1.60
   65-74                  5.72    3.25-10.04    1.97   0.99-3.94
   ≥ 75                   26.59   12.30-57.52   3.01   1.12-8.10
  **Income class**                                     
   0-2                    1       1             1      1
   3-4                    1.14    0.68-1.92     1.49   0.70-3.16
   5-6                    0.75    0.48-1.18     0.94   0.47-1.88
   7-8                    0.59    0.38-0.90     1.09   0.58-2.03
   9-10                   0.56    0.38-0.82     1.05   0.59-1.86
  **Residential area**                                 
   Metropolitan           1       1             1      1
   Urban                  1.47    1.02-2.12     1.17   0.73-1.87
   Suburban/Rural         1.23    0.90-1.67     0.77   0.51-1.17
  **Year (continuous)**   1.01    0.96-1.05     0.93   0.87-0.99

Analysis by multinomial logistic regression with outcome variable (treatment modality) based on surgery group. ADT, androgen deprivation therapy; RT, radiation therapy; OR, odds ratio; CI, confidence interval.
